Background: Physical activity (PA) is powerful for preventing and treating many chronic diseases. Physicians' own PA behaviors are correlated with their likelihood to counsel patients regarding PA. Medical students' PArelated attitudes and behaviors reflect what can be expected from our future physicians. Methods: A 27-item online survey was used to determine the percentage of Canadian medical students meeting the Canadian physical activity recommendations, and their self-reported perception of relevance and frequency of exercise counseling during patient encounters. We generated cross-tabulations with the independent covariates and our statistical comparison was based on the generalized estimating equation (GEE) algorithm to adjust for schools (clusters). Results: While 64% (969/1510) of medical students met the MVPA recommendation, only 25% discussed PA counseling with patients. Most (80% and 90%, respectfully) believed physicians should adhere to a healthy lifestyle to effectively encourage their patients to do so, and that their credibility increased if they stayed fit themselves. Conclusions: Medical students are interested in and receptive to the importance of PA. However, not only is there improvement needed for the more than one-third of medical students who are insufficiently active themselves, but substantial change is needed regarding the vast majority of students' current counseling behaviors.
The benefits of physical activity (PA) in the prevention and modification of chronic (and epidemic) conditions such as diabetes and obesity are well-known and established. 1 For instance, engaging in sufficient levels of PA can dramatically ameliorate obesity, which currently affects approximately one-quarter of Canadian adults and about 9% of children. In Canada, costs related to chronic diseases associated with obesity now approach a staggering $7.1 billion. 2 Furthermore, independent of chronic diseases, exercise has been shown to reduce allcause mortality. [3] [4] [5] The potent impact of PA is so well accepted that the American College of Sports Medicine (ACSM) has promulgated the message that "Exercise is Medicine". 6 In the same vein, recent research has found that when physicians provide specific exercise prescriptions and lifestyle counseling, patients are more likely to become active and experience the benefits of PA. 7 Given its conclusive evidence for preventing illness and promoting health, its financial sensibility, and the fact that physician counseling is associated with higher activity-uptake rates, it would seem natural for physicians to recommend this evidence-based intervention strongly to patients. 8, 9 (Although formally defined differently, for the purpose of this article, the terms "PA" and "exercise" are used interchangeably to mean PA at the level needed for health gains.)
Curiously, research shows that physicians, in general, do not often counsel patients regarding PA during clinical encounters. 1, [10] [11] [12] [13] This lack of counseling may be due to several factors including lack of appointment time, remuneration, and/or training (and therefore confidence to engage) in exercise counseling. 14, 15 Interestingly, physicians' own PA levels have been identified as a strong predictor of their exercise counseling; physicians who are physically active are up to 5.7 times more likely to recommend PA to patients. 14, [16] [17] [18] Clearly, physician attitudes and behaviors toward PA are important determinants of whether patients will/will not receive exercise counseling.
As medical trainees, it stands to reason that medical students may serve to foreshadow the attitudes and behaviors of future physicians. In a study by Frank et al, 61% of American medical students met the Centre for Disease Control (CDC) guideline for PA and between 53%-69% felt that exercise counseling would be relevant to their future practice. 19 Similar to physician activity habits, those medical students with other good personal lifestyle habits were more likely to counsel patients to pursue the same. 17, 20 While PA levels and counseling behaviors have been studied among American medical students, to date there has not yet been a study of Canadian medical students. 19, 21 Considering the powerful impact that PA can have on many common morbidities, it is vital to gain an understanding of Canada's future physicians' PA-related attitudes, behaviors, and emerging counseling habits which will, by extension, serve to predict future prescribing habits. Knowing this information can help to gauge the level and direction of interventions needed among medical students not only to encourage their activity counseling for patients, but also, symbiotically, help them personally commit to healthy activity levels immediately, and throughout their careers. The 2-fold purpose of this study was to 1) assess the percentage of medical students meeting the Canadian recommendation of engaging in at least 150 minutes of moderate to vigorous physical activity (MVPA) per week, 22 and 2) investigate the selfreported perception of relevance and frequency of exercise counseling during patient encounters.
Methods

Study Population
With approval of the University of Western Ontario's Office of Research Ethics, each medical student in the graduating classes of 2011-2015 who was registered at any of 17 Canadian medical schools as of September 2010 was eligible to participate in the study. Medical school training in Canada ranges from 3-to 5-year programs in duration with preclinical training early on and clinical teaching/responsibilities in the latter years. We used each school's website to retrieve contact information for the leaders, and then approached the administrative coordinators and student leaders (by telephone and e-mail) at each Canadian medical school to request their participation by forwarding this study's survey to their medical students, to complete anonymously.
Survey Tool
The 27-item survey for this study was created by adapting and amalgamating 2 previously used tools which were posted onto the Survey Monkey Program (www.SurveyMonkey.com, LLC). Guided heavily by the work of Frank, we asked the medical students-in order to provide adequate descriptions of the study sample-to provide basic demographic information such as age, sex, ethnicity, and potential career choice of medical specialty. 19 We also used Frank's questions about medical students' own perception of the relevance of PA counseling during patient encounters and the frequency at which counseling is done. 19 In addition, the previously validated short version of the International Physical Activity Questionnaire (IPAQ) was administered to assess participants' levels of MVPA. 23 
Outcome Measures
To address the 2-fold purpose of this study, a dichotomous outcome was created to assess whether medical students met the most recently published Canadian PA recommendation of at least 150 minutes of MVPA per week. 22 For questions regarding relevance and frequency of exercise counseling, a 3-5 answer Likert-type scale was used to collect responses. 19 
Statistical Analysis
Medical student demographic characteristics and views about exercise were broken down by whether they met the Canadian PA recommendations for exercise (150 minutes or more of exercise per week). Statistical comparisons were based on generalized estimating equations (GEE) to adjust for the effect of schools. SAS version 9.2 was used to perform the statistical analysis and P-values ≤ 0.05 were considered statistically significant.
Results
A total of 11 out of 17 medical schools (65%) participated, representing 6908 students. The participating medical schools included those from small and large urban centers, good variability between schools with lower and higher student enrollment and with participation from both primarily Anglophone and Francophone schools. The 1691 medical students who responded represent a 24% response rate and of these, 1510 students (89.3%) provided answers for the exercise questions such that the number of minutes of MVPA could be calculated and used for cross-sample interpretation.
To correspond to this study's first purpose, Table 1 provides characteristics of the study population and the distribution of important variables related to Canadian medical students' PA levels. And specifically, 64% (969/1510) of medical students met the Canadian recommended guideline of at least 150 minutes of MVPA per week.
Tables 2-7 are provided to respond to this study's second purpose. A significant finding from Table 2 suggests that medical students intending to pursue family medicine compared with all other specialties reported a higher frequency of exercise counseling during patient encounters (P = .0018). Approximately 25% of medical students discussed exercise counseling during patient encounters and no statistical difference was found when comparing years of training (P = .67).
As medical students progress in years of training, the perception of the relevance of exercise counseling during patient encounters increased (P = .0005; Table 3 ). Female medical students were more likely to perceive a higher relevance in exercise counseling than male medical students (P < .0001).
Eighty percent of medical students believed that physicians must adhere to a healthy lifestyle to encourage healthy lifestyles effectively in patients, and greater than 90% of medical students believed that physicians are able to offer more credible and effective counseling if they themselves exercise and stay fit (Table 4 and 5) .
Noteworthy findings from Tables 6 and 7 , respectively show that the majority of medical students disagreed with the statement that preventative medicine is less interesting than treatment, and those students who self-reported adequate amounts of PA were more likely to experience less stress in the past 2 weeks and in the past year (P < .0001).
Discussion
To our knowledge, this is the first large-scale study examining the PA levels and exercise counseling practices of Canadian medical students. Compared with American medical students, our study reported a similar percentage of Canadian medical students meeting the respective national PA recommendations at 61% (USA) vs 64% (CAN). 19 In our study, the percentage who met the PA guidelines were stable throughout the years of medical school suggesting that exercise habits are developed either premedical school or early in medical training. The benefits of PA to personal well-being are well known. 24 Aside from improving physical fitness, exercise can play a strong role in the prevention and therapeutics of mental health. Medical training is intensive and poor mental health among trainees is not uncommon. 25 Interestingly, in our study, those medical students who met the PA guidelines reported less stress in both the last 2 weeks and in the preceding year. While one can suggest that those are less stressed may be more likely to complete the survey, this is an important association that deserves overt attention by medical educators. Given the complexity of medical training and the aim to maximize student achievement, a healthy, nonintrusive method that can lessen the amount of stress of medical trainees should be explored. Approximately 25% of students in the current study regularly counsel patients on PA. Interestingly, medical students whose intended specialty is family medicine reported the highest perception of the relevance of exercise counseling during patient encounters, while those interested in medical specialties and pediatrics report higher relevance of exercise counseling compared with yet, other specialties (P < .0001). Those medical students who are interested in family medicine as a career path may have a higher regard for the benefits of PA for patients, perhaps based on their own PA-related experiences and/or associated belief systems. As a training ground for the generalist physician, medical schools should reinforce the benefits and importance of PA for patients to all medical students as exercise is beneficial in all specialties. Regardless of intended specialty, over 70% of medical students in our study either disagreed or strongly disagreed with the statement "preventative medicine is less interesting than treatment" (Table 6 ). This appears to suggest a favorable perception of preventative medicine by medical students and offers an important opportunity for medical educators to stress the importance of PA and lifestyle counseling early on in medical training.
While our study was cross-sectional and not longitudinal, it appears that medical students in the latter years of training find exercise counseling more relevant than in preclinical years. This may be due to increased opportunities for patient interaction during clinical clerkship. However, despite this increase in self-reported relevance, the self-reported frequency of PA counseling does not appear to be different in different years of medical school training. One possible explanation may be the specialty focus of clinical clerkship where the clinical training may be centered on treatment rather than prevention. Another possibility may be the lack of exercise counseling competence of clinical teachers. 18, 26 PA counseling is not a commonly emphasized area of the curricula with only 6% of American medical schools providing a core course in PA and only 10% of U.S. medical school Deans or Directors believing that their graduating medical students are able to prescribe exercise competently. 27, 28 (Canadian comparisons are not available in the current literature). Given the longstanding lack of focus on PA in the medical school curricula, clinical teachers may not have the knowledge to teach efficacious PA behavioral counseling/prescription approaches to medical students. To our knowledge, the Liaison Committee on Medical Education (the accreditation body of Canadian Medicals Schools) does not specify that PA knowledge/ exercise counseling education needs to be included in the undergraduate medical curriculum. 29 Given the unequivocal research support for the preventative and therapeutic benefits of PA and its wide application, medical students-and by implication, their future patients-would benefit from a solid education in PA and its benefits and ways of effectively prescribing exercise to patients. Evidence-based and quick behavioral approaches, such as motivational interviewing tools, 30 coupled with easy to use and efficacious office-based instruments for exercise counseling and prescription in primary care, such as the one by Petrella and Douglas, 7 should become curricular mainstays in medical school education. In addition, medical schools can play a strong role in encouraging a healthy and active lifestyle among students themselves by both offering and advocating for wellness programs and intramural PA and sporting opportunities. Similar to other studies, 24, 31 we found that medical students who met the recommended PA guidelines were more likely to do so if they felt that their medical school encouraged exercise. A review of the literature reveals that physicians' PA levels are correlated positively with PA counseling to patients, and that counseling is correlated with higher activity rates among said patients. 7, 10, 14, 32 Our findings are similar to the previous U.S.-based research 19 in that the Canadian medical students in the current study who met the PA guidelines are significantly more likely to have a higher frequency of PA counseling during patient interactions (P = .021). As medical students are the next generation of physicians, the current study suggests that medical students who meet the PA recommendations are more likely to counsel PA during patient encounters. Given the prevalence of chronic diseases coupled with the knowledge that physician-prescribed exercise is associated with higher patient uptake, any increase in PA counseling should have a strong impact on Canadians' health in terms of both prevention and treatment. Limitations of our research include the response rate of medical students and of schools. We had hoped each of the 17 schools would agree to participate along with the majority of their students thus providing a true crossCanada sample that would have increased the study's generalizability as well as our ability to provide geographical comparisons. In addition, while our response rate was respectable given typical survey response rates, there may have been a social desirability bias such that the more physically active students responded, and/or levels of activity may have been over-estimated. Interestingly, female students outnumbered male respondents by approximately 2:1, which may yet reveal another source of potential bias. Further, a cross-sectional study does not allow us to determine if the same cohort of medical students change their level of PA or exercise counseling practices as they progress through their medical school training. None-theless, important conclusions can be drawn.
Conclusion
The current study is important because it provides a baseline understanding of Canada's future physicians' current PA behaviors, attitudes and counseling habits, which evidence indicates will impact patients' PA. While 64% meet the current Canadian PA recommendations, approximately three-quarters do not regularly engage in exercise counseling with patients. Improvement is needed for the (nearly1/3) insufficiently active medical students and for the vast majority of students' current counseling behaviors. In a recent media release by the ACSM (May 2011), the message that "health care provider involvement is key" was underscored with the encouragement for physicians to assess each patient's PA level at every appointment. 33 Given the similarities in chronic disease management between Canada and the U.S., and in concert with the PA findings from this study, this message appears relevant for Canadian physicians as well. The addition of a robust PA curriculum in medical education might equip medical students with the necessary background for exercise and behavior change counseling (which students report to be highly relevant) and ultimately, such a curriculum might help to increase the frequency of exercise prescription during patient encounters. If we truly embrace the ACSM's message that "exercise is medicine," effective counseling of patients toward exercise behaviors is surely a most beneficial prescriptive practice. 
